Essential oils are gaining increasing interest due to their multiple biological activities and great potential for therapeutic use. The antioxidant effect of essential oils is of special interest in diseases with inflammatory aspects. In this paper, the antioxidant activities of eleven essential oils extracted from Australian native plants were examined by the 2,2-diphenyl-1-picryhydrazyl (DPPH) and 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) assays. In the DPPH assay, all of the essential oils showed substantial antioxidant potential, with a radical-scavenging activity ranging from 12.9% ± 0.3% to 86.9% ± 0.2% at the concentration of 1.6 × 10 -2 mL/mL. In the ABTS assay, lemon-scented tea-tree oil (Leptospermum petersonii Bailey) (80.6% ± 0.7%), Australian blue cypress oil (Callitris intratropica R. T. Baker & H. G. Smith) (78.6% ± 1.3%), lemon-scented eucalyptus oil (Eucalyptus citriodora Hook.) (56.7% ± 0.9%) and lemon-scented ironbark oil (Eucalyptus staigeriana F. Muell. ex Bailey) (58.9% ± 0.8%) exhibited relatively high radical-scavenging activities at the concentration of 1.6 × 10 -2 mL/mL. Taken together, in both DPPH and ABTS assays, lemon-scented tea-tree oil (with IC 50 of 1.5 × 10 -3 mL/mL and 1.5 × 10 -3 mL/mL, respectively), Australian blue cypress oil (with IC 50 of 9.5 × 10 -3 mL/mL and 3.0 × 10 -3 mL/mL, respectively), lemon-scented eucalyptus oil (with IC 50 of 4.8 × 10 -3 mL/mL and 8.9 × 10 -3 mL/mL, respectively) and lemon-scented ironbark oil (with IC 50 of 6.4 × 10 -3 mL/mL and 7.0 × 10 -3 mL/mL, respectively) showed the highest antioxidant potential of the essential oils tested. By comparison, the antioxidant capacity of vitamin E had IC 50 values of 5.3 × 10 -5 mL/mL and 4.3 × 10 -6 mL/mL in the DPPH and ABTS tests respectively.
It has been widely accepted that reactive oxygen species (ROS) derived from normal and/or abnormal biological metabolic reactions are important pathogenetic factors implicated in many chronic diseases, such as cancer, atherosclerosis, neurodegenerative diseases and aging-related disorders [1, 2] . Therefore, inhibition of oxidative damage by supplementation of antioxidants is thought to be of significance in preventing these diseases [3, 4] . There is also an increasing interest in natural antioxidants for use in foods and medicines [5, 6] .
Essential oils are secondary metabolites of aromatic plants with a long history of use as edible and medical constituents. In particular, essential oils have been used as therapeutic agents due to their antiinflammatory, antispasmodic, analgesic, antibacterial, anticancer and stimulant activities [7, 8] . Many essential oils have also been recognized as natural antioxidants [9, 10] . They have received growing attention in recent years because of their relatively high safety, wide acceptance by consumers and great potential for multiple commercial use (perfumery, foods and pesticides) [11, 12] .
Australia is rich in aromatic plants, which produce many kinds of essential oils. However, as only a few Australian essential oils, such as tea tree oil (Melaleuca alternifolia) [13] and Eucalyptus spp. oil [14] , have been fully studied, our interest was stimulated to evaluate the medicinal potential of more Australian essential oils. In the present study, the antioxidant activities of eleven essential oils derived from Australian native plants are examined. Since antioxidant capacity may vary depending on the experimental methodology, two of the most widely used assays were chosen to assess the antioxidant properties. The DPPH scavenging capacity assay is considered to be a valid and convenient colorimetric method to examine both hydrophilic and lipophilic antioxidants. This assay has been successfully utilized for investigating antioxidant properties of wheat grain and bran, vegetables, conjugated linoleic acids, herbs, edible seed oils, and flours in several different solvent systems [15, 16] . Figure 1 shows the DPPH radical-scavenging activity of the eleven essential oils at 1.6 × 10 -2 mL/mL. The percentage inhibition of DPPH radical for all essential oils, except the aniseed myrtle oil, was over 20%. The activities of essential oils are much weaker than that of vitamin E, which has a 94.7% DPPH radical-scavenging activity at 8.0 × 10 -5 mL/mL ( Figure 1 ). All essential oils showed dose-dependent activities ( Figure 2 ). The ABTS ·+ decolorization assay is a spectrophotometric method widely applied to the measurement of the total antioxidant activity of various substances [17, 18] . The method is applicable to the study of both hydrophilic and lipophilic antioxidants, pure compounds, and plant extracts. Figure 3 shows the time-dependent activity of the essential oils that demonstrated an over 50% inhibition effect of ABTS ·+ at the concentration of 1.6 × 10 -2 mL/mL. As expected, the inhibitory effect of the essential oils increased significantly over time from 1 minute to 6 minutes. As the selected timepoint of measurement influences the reported antioxidant activity, the ABTS ·+ -scavenging activity of essential oils was evaluated at 6 minutes, in keeping with other studies using this assay [19, 20] . The ABTS ·+ scavenging activity of the essential oils at a final concentration of 1.6 × 10 -2 mL/mL is shown in Figure 4 . All the essential oils exhibited ABTS ·+ scavenging activity to some extent.
The ABTS ·+ -scavenging activity of vitamin E (8.0 × 10 -5 mL/mL) was compared with those of the oils under the same conditions. As shown in Figure 4 , Australian blue cypress oil and lemon-scented teatree oil possessed the highest activities, whereas the narrow-leaved peppermint oil had the lowest activity in the experiments. All the essential oils also exhibited dose-dependent activity ( Figure 5 ). Table 1 shows the IC 50 (mL/mL) values of seven relatively active essential oils and vitamin E in both assay systems. The free radical-scavenging activity measured with the DPPH assay was basically consistent with the result measured with the ABTS assay. In the present study, lemon-scented tea-tree oil demonstrated the highest radical-scavenging activity, and Australian blue cypress oil, lemon-scented eucalyptus oil and lemon-scented ironbark oil also showed significant activities.
The antioxidant activities of the essential oils must be determined by the oils' components. Although the complexity in the oil components (Table 2) prevented us to define a clear correlation between the antioxidant potentials and the oil components, the relatively high antioxidant activities of lemon-scented tea-tree oil, lemon-scented ironbark oil, lemonscented eucalyptus oil and tea tree oil are likely due to the relatively high abundance of geranial, neral, citronellal, terpinolene and terpinene, because it has been demonstrated that these compounds are rather active in scavenging ROS [21] [22] [23] [24] [25] [26] [27] [28] [29] . The relatively low antioxidant activities of Australian nerolina oil, Australian niaouli oil, narrow-leaved peppermint oil, rosalina oil and aniseed myrtle oil can be understood in terms of the weak antioxidant potentials of linalool, 1,8-cineole and anethole, and the prooxidant activities of linalool and nerolidol [22] . In conclusion, all the essential oils showed substantial antioxidant potentials in both DPPH and ABTS assays. However, the antioxidant activities of these essential oils are much weaker than that of vitamin E. Although these results appear to suggest that the essential oils may not be useful antioxidants in vivo, other evidence suggests that in vivo antioxidant activity goes beyond modulating ROS [30, 31] , and includes inhibition of pro-oxidant enzymes (such as NADPH oxidase, xanthine oxidase and lipoxygenase). To get a deeper insight into the in vivo antioxidant potential of these essential oils, their pro-oxidant enzyme-inhibiting potentials should be evaluated. 2,2-Diphenyl-1-picryhydrazyl (DPPH), 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), and vitamin E (97%) were purchased from Sigma-Aldrich (St. Louis, MO). The absorbance of the assay system was recorded by a Unico UV-2102 spectrophotometer with the slit width of 1 mm, at 25°C.
Experimental

Materials and methods:
Myrcene (1.1) Citronellyl acetate (0.3) 1,8-Cineole (2.5) α-Selinene (5.2) p-Cymene (2.2) α-Pinene (0.6) Limonene (0.2) α-Thujene (1.9) β-Chamigrene (3.2) Limonene (1.2) 6-Methyl-5-hepten-2-one (0.2) Linalool (0.2) Geranyl acetate (1.7) α-Guaiene (3.1) Aromadendrene Limonene (0.1) γ-Terpinene (0.1) Geraniol (1.6) α-Bulnesene (2.5) Ledene (0.8) β-Pinene (0.1) Terpinolene (trace) γ-Terpinene (1.5) cis-β-Guaiene (2.1) δ-Cadinene (0.8) p-Cymene (trace) p-Cymene (1.5) β-Elemene
Determination of DPPH radical-scavenging activity:
An aliquot of 0.2 mL of various concentrations of the essential oils in ethanol was added to 2.3 mL of 70 μM ethanol solution of DPPH. After a 20 min incubation period at room temperature, the absorbance was read against a blank at 517 nm. DPPH radical-scavenging activity was expressed as the inhibition percentage (I) and was calculated using the following formula
where A control is the absorbance of the control reaction (containing all reagents except the test essential oils), A test is the absorbance of the reaction mixtures, and A sample is the absorbance of the test essential oils. The concentration of essential oils providing 50% inhibition (IC 50 ) was calculated from the graph plotting inhibition percentage against essential oil concentration. Different concentrations of vitamin E were used as reference samples. All determinations were performed in triplicate.
Determination of ABTS radical cation-scavenging activity:
ABTS radical cation (ABTS ·+ ) was prepared by reacting 7 mM 75% ethanol solution of ABTS with 2.45 mM potassium peroxydisulfate solution (final concentration) and allowing the mixture to stand in the dark at room temperature for 12-16 h before use. The ABTS ·+ solution was diluted with ethanol to an absorbance of 0.70 (±0.02) at 734 nm. After addition of 2.2 mL of diluted ABTS ·+ solution to 0.3 mL of essential oils in ethanol, the absorbance was read exactly 1 min after initial mixing and up to 6 min. Appropriate solvent blanks were run in each assay. The percentage inhibition of absorbance at 734 nm was calculated using the formula above. Different concentrations of vitamin E were used as the reference samples. All determinations were performed in triplicate.
